Abstract This study applied the generalised estimating equations (GEE) in a large-scale prospective cohort study of predictors of health-related quality of life (HRQoL)
Introduction
Elective primary total hip replacement (THR) is a common and effective orthopaedic intervention. Healthrelated quality of life (HRQoL) is a recognised indicator of health care outcome [1, 2] . However, published reports of HRQoL outcomes vary considerably between individual orthopaedic surgeons, even between practitioners in the same facility.
When evaluating THR outcomes, numerous factors other than outcome of the surgery itself should be considered [3] [4] [5] . Fortin et al. [6] assessed THR patients six months after discharge to identify predictors of pain and physical function. They reported that poor preoperative pain and function was associated with poor postoperative outcomes.
After two years of follow-up, they demonstrated that preoperative subscale scores were the best predictor of THR outcome. Nilsdotter et al. [7] , in a prospective case control study comparing HRQoL after THR, found that older age and increased postoperative pain were predictive of poor THR outcome. Ethgen et al. [3] , in a literature review of HRQoL in THR patients, proposed that age is unassociated with surgical outcome and that males benefit from the intervention more than females do.
Despite the growing understanding of the health effects of THR, previous studies have exhibited serious shortcomings. Firstly, few used longitudinal data with more than two time points, and few examined predictors of HRQoL over periods exceeding two years. Second, most studies have analysed populations in the US or in OECD countries, which may substantially differ from those in less developed geographic areas. Third, when analysing longitudinal data, such studies rarely apply the appropriate statistical methodology to control for censoring and intercorrelations arising from repeated measures obtained from the same patient pool.
This study examined the longitudinal changes in each SF-36 subscale and explored their relationships to effective predictors in primary THR patients. This study is, to our knowledge, the first to apply generalised estimating equations (GEE) in a large-scale prospective cohort study of HRQoL changes and predictors in a Taiwan population of THR patients.
Methods

Study design and sample
The study population included all patients who had undergone primary THR (ICD-9-CM procedure code of 8151) performed between March 1998 and December 2002 by either of two orthopaedic surgeons in two different southern Taiwan hospitals. All THR procedures performed to treat injuries sustained in traffic accidents and those performed on patients with cognitive or communicative impairments were excluded. In patients who had undergone repeated bilateral THR procedures, the most recent procedure was selected for analysis.
All involved institutions approved this study of human subjects before initiating the survey. During the sample selection period, 335 subjects were eligible for participation and were interviewed pre-and postoperatively. Thirteen subjects died during the five-year follow-up, and several subjects were excluded from analysis due to loss of contact (change of address or refusal to participate). In total, 131 subjects participated in the preoperative and (five) postoperative assessments in this study.
Instruments and measurements
Each subscale of the Chinese version of SF-36 (SF-36) was used to measure HRQoL, and each was analysed as a dependent variable in this study. The SF-36 is widely used for profiling generic HRQoL and enables comparison of patients with different diseases and across different countries [2] . The SF-36 includes 36 items measuring physical function (PF), role limitations due to physical function (RP), bodily pain (BP), general health perceptions (GH), vitality (energy/fatigue) (VT), social function (SF), role limitations due to emotional functioning (RE), and general mental health perceptions (MH). The assessment results of each SF-36 subscale are converted to values on a 0-100 scale with a higher score indicating better HRQoL [8] .
To compare the overall physical and mental function of the study population with the general Taiwan population, physical component summary scores (PCS) and mental component summary scores (MCS) were calculated by norm-based scoring methods [9] and used as dependent variables. Based on a previous study [10] , the PCS and MCS were computed in comparison with the general population of Taiwan. Values below 50 indicated that the examined PCS or MCS were below the average values for the general Taiwan population, and vice versa.
Information related to THR outcomes derived from medical records and questionnaire interviews included age, gender, marital status, educational level, number of comorbidities, duration of hip symptoms, previous arthroplasty, principal diagnosis, pain and physical function components (44 and 46 points, respectively) of the modified Harris hip score (HHS) obtained by the physician immediately before surgery, specific orthopaedic surgeons, operation time, implant fixation, type of prosthesis and anaesthesia, readmission within 30 days postsurgery, average length of hospital stay, and complications. These covariates (collected from the chart review and questionnaire interview) were selected and tested as independent variables.
Statistical analysis
The unit of analysis in this study was the individual THR patient. First, descriptive statistics were tabulated to depict the THR patient demographics. Longitudinal data were characterised by repeated observations of the same subjects with a high variability between subjects but low variability within subjects [11] . High correlation within subjects meant that longitudinal relationships could not be analysed by ordinary regression methods, which assume independence of observations. The GEE approach was developed to correct for repeated outcomes within the same subject [11] .
By using data from more than two time points, the autoregressive GEE analysis was employed for longitudinal associations.
For model building, multiple regression was first used to explore the best predictors of HRQoL at different time points when using the preoperative measures as the baseline. The application modelled dependent variables (mean value of each SF-36 subscale) as a function of time and effect predictors. These significant independent variables were further included in the longitudinal analysis. Restated, these effective predictive variables were included in the GEE approach as covariates because they were statistically significant in the multivariable models and are also considered consistent predictors of HRQoL in much of the literature [11, 12] . The GEE procedure under XT gee in Stata, version 8.0 (StataCorp, College Station, Texas USA), was employed for statistical analyses in this study.
Results
Descriptive statistics
Subjects who remained in the study throughout the fiveyear period and those who were lost to follow-up between the second and fifth years after discharge did not statistically differ in age, gender, previous arthroplasty experience, number of comorbidities, operating time, implant fixation, type of anaesthesia, readmission within 30 days, or in any of the aforementioned preoperative HRQoL parameters (data not shown). Table 1 shows the characteristics of the study sample. Table 2 shows the mean value, standard error, and p value of each SF-36 subscale for the THR patients at each time point after adjusting for age and gender. Other than general health, vitality, and mental health, the subjects significantly improved in all SF-36 subscales between the preoperative period and the sixth month after discharge (P<0.01) and then remained stable for the rest of the five-year period. When using the sixth month after discharge as the baseline, the scores for physical function, physical role, bodily pain, vitality, and social function at the first year after discharge improved significantly (P<0.05), and all subscales continued to improve throughout the follow-up period.
Longitudinal changes in HRQoL
The PCS improved significantly from the preoperative period until the fifth year after discharge. The MCS improved remarkably from the preoperative period until the sixth month after discharge; however, when setting the sixth month after discharge as the baseline, the MCS at the first year after discharge did not differ significantly (sixth month versus first year = 55.37 and versus baseline = 55.04, P=0.76). The PCS performed worse than the norm after THR. The gap in the PCS between the study sample and the general population narrowed from the third month to the fifth year after discharge.
Results of GEE analysis Table 3 shows the results of multivariate analysis of the effective predictors of HRQoL in THR patients. Each time point was significantly related to the SF-36 subscales function of HHS scored higher in most SF-36 subscales, PCS, and MCS throughout the five years. Further, patients treated by surgeon B scored higher in vitality, mental health, and MCS than those treated by surgeon A. However, patients treated by surgeon A scored higher in social functioning than those treated by surgeon B. Regarding type of anaesthesia, subjects who had received epidural or spinal anaesthesia scored higher in physical and social function, vitality, mental health, general health, and PCS than those who had received general anaesthesia. Additionally, subjects who had been readmitted within 30 days scored lower in bodily pain, vitality, mental health, and MCS throughout the five-year period of the study.
Discussion
This study demonstrated that, for each HRQoL dimension, the agreement between a continuous time model and a categorical time model was very similar to that observed using the GEE approach. That is, the results would be similar when predicting changes in HRQoL by using either continuous time variables or categorical time variables in the GEE model.
To elucidate trends in HRQoL over time, survey information was analysed by using the categorical time variable adjusted for age and gender. The regression models indicated that performance in the SF-36, PCS, and MCS subscales improved significantly during the first three months after discharge (P<0.01) and continued improving for the following five years. These statistical results revealed varying trends in the performance of each SF-36 subscale according to the complexity and the involvement of the lower extremities.
This study illustrates that age is independently predictive of THR health outcomes, which is consistent with reports that older patients exhibit less improvement than younger patients in bodily pain and physical and social function [3, 7] . Although such studies also indicate that older patients tend to have more comorbidities and less social support, the number of comorbidities is a controlled variable in the GEE models. Rather, the observed improvement in health outcomes may reflect selection bias in that referring physicians may apply selection criteria more stringently based on patient characteristics associated with increased likelihood of improvement. Alternatively, because pain and physical functions are the main goals of hip replacement surgery, optimal health outcomes are emphasised in younger patients. Further study is needed to address these questions.
This study also confirmed the previously identified gender difference in preoperative HRQoL [3] . Although females had significantly poorer physical function, more role limitations due to physical problems, and poorer vitality, mental health, and general health than did males, no gender differences were noted in role limitations due to emotional problems, social functioning, or bodily pain after THR. Females tended to be more averse to surgery and more concerned about burdening their families [13] . However, studies performed elsewhere report no evidence of gender-associated risk aversion and have cited referral bias as a potential barrier to access [14] . The Taiwan population examined in our study, however, revealed a gender difference in self-reported HRQoL as measured by the SF-36 [10] . Males scored higher in each SF-36 subscale than did females. However, it is unclear whether this difference reflects gender bias in subject response or truly poorer HRQoL due to increased prevalence of osteoarthritis or other medical conditions in the sampled females. Nevertheless, the gender differences noted here were considerably larger than the potential bias in gender response in the Taiwan population.
Notably, increased incidence of comorbidities was associated with lower HRQoL with respect to pain function and general health, which is consistent with previous reports that increased number of comorbidities is strongly associated with poor functional status after THR [3, 15] .
Further, the analytical results suggest that patients who had received spinal or epidural anaesthesia had better outcomes than those who had received general anaesthesia. Generally, the duration of surgery in patients who had received spinal and epidural anaesthesia was shorter than that in patients who had received general anaesthesia, which is consistent with a previous report [16] . Additionally, patients readmitted within 30 days after surgery exhibited poorer performance in pain function, vitality, and mental health than their counterparts.
A final interesting finding is that, over the five-year period of the study, the single best predictor in each SF-36 subscale was preoperative health status, which is consistent with reports that the best predictors of postoperative HRQoL are preoperative pain and physical functions scores [3] . As this issue has been addressed elsewhere [6] , data from a randomised trial comparing early and delayed THR surgery would be of great value to clinicians when selecting the optimal timing of surgery. Table 3 summarises the baseline significance of predictive factors identified in this study and their subsequent associations with HRQoL.
Although all research questions were adequately and satisfactorily addressed, several limitations are noted. First, this study collected data from primary THR patients under the supervision of two surgeons in two different medical centres, each of whom performed the highest volume of THR procedures in their respective hospitals. Such a sample selection procedure ensures that the limited experience of surgeons does not significantly influence patient outcomes [17, 18] . By focussing the analysis on these two orthopaedic surgeons, the results of this study are more representative of all THR patients than one analysing a single surgeon. However, a notable limitation is that, in the prospective patient cohort, the first patient was enrolled in 1998. Therefore, depending on their inclusion date, some surveyed patients had a longer follow-up than others, which may have caused selection bias. Nonetheless, in most SF-36 subscales, subjects who continuously participated in the study throughout the five years did not statistically differ from those who died or dropped out during the observation period of the study (data not shown).
In conclusion, when evaluating HRQoL after THR, several factors other than the surgery itself should be considered. All predictors analysed in this study could be addressed in preoperative consultations and during postoperative health care and can help educate THR candidates awaiting surgery as to the expected course of recovery and functional outcomes. Additionally, patients should be advised that their postoperative HRQoL might depend not only on the success of their hip operations but also on their preoperative health status. The analytical results should be applicable to other Taiwan hospitals as well as other countries with similar social and cultural practices.
